In the beginning of 20 th century, the coal mining industry had an important role in Japan at which two-thirds of the coal product came from the Kitakyushu-Chikuho District (KCD). As a consequence of mining activities, land-use condition in this district showed notable changes. This paper presented a study of land-use changes in coal mining area by characterizing land-use pattern transition over the last 100 years. In order to carry out the rigorous analysis of land-use, a series of land-use maps over the last 100 years was developed using geographic information systems (GIS). The historic topographic map and another available old data were used to investigate the long-term changes of land-use associated with past mining within the GIS platform. The results showed that the utilization of a series of developed land-use maps successfully indicated the difference of land-use pattern in the KCD before and after the peak of mining activities. The general findings from land-use analysis described that forest and farm lands were lost and turned into abandoned sites in the last 100 years.
Introduction
The coal fields in the Kitakyushu district, Japan, were discovered in the 15 th century and developed in the 18 th century where coal was produced for domestic use. In the beginning of the 20 th century, coal industries had an important role as a major energy supplier for the overall Japanese economical development, and production of coal at that time increased at an accelerated rate (Okuno-Fujiwara, 1991) .
During mining operation, farm or forest land had been disappeared due to the surface facilities related to coal mining.
It appeared that coal processing facilities, power plants, waste heaps, retention ponds, etc. occupied significant land spaces and destructed land surface (Chadwick et al., 1987) .
At the same time, during the development, coal industry attracted workers from rural areas, settling right next to their place of work, established urban infrastructure. Hence, it can be said that coal extraction is closely connected with land consumption and urban development (Genske, 2003; Richards and Palmer, 1993) . In the last 100 years, land-use in the Kitakyushu-Chikuho District (KCD), which is one of the biggest coal mining development areas in Japan, has shown notable changes as consequences of mining activities (Shapira, 1990 ). Nowadays, Japan has only a few underground coal mines in operation and approximately a thousand mines are either inactive or abandoned. The reasons are not so much due to the shortage of coal reserves, but rather for preventing from land damages. Most of the damages are due to extraction of coal seams that could cause the surface subsidence. Moreover, discharging water from the mining area and the accumulation of waste stones could cause environmental problems in several districts (Esaki, 2003) .
Environmental processes are inherently spatial and could not be fully understood without taking into account their spatial dimensions (Aspinall and Pearson, 2000) . The relationship between human and the environment cannot be represented without a reference to a spatial location, since the environment is described by the topological relationships among physical objects (e.g. land-use composition in a given space-time location), and human activities produce impacts spatially on the environment (Champagna, 2006) . In order to explain the spatial and temporal land-use changes in the KCD, therefore, an effective methodology should be developed to obtain comprehensive analysis of land-use transition as consequences of long history of coal mining activities. Geographic Information System (GIS) is an ideal method for analyzing the impact of mining development and land-use changes, since the geography is the playing field, literally, on which these dynamics unfold (Longley et al., 2001 ). Moreover, spatial and non spatial information, often for very different purposes, can be integrated and analyzed to visualize relationships, find explanations, and develop solutions.
The objective of this paper is to analyze the phenomena of land-use changes in the KCD, which relates to the influence of past coal mining activities, spatially and temporally using GIS. In this paper, land-use changes in the KCD was studied by identifying land-use pattern transition over the last 100 years that leads to the apparent of barren land (abandoned sites) related to coal mining industry. A series of landuse maps was developed from 1 : 50,000 old topographical maps based on 100 m mesh scale using GIS. The new landuse information in 1900 and 1950 was created and compiled with land-use database of 1976 and 1997, which was published by Ministry of Land, Infrastructure, and Transport of Japan (MLIT), to form a series of land-use maps over the last 100 years.
Material and Methods

Study area
The study area is nearly 1,650 km 2 at the KCD in the Fukuoka Prefecture, Japan (Fig. 1) . In this district, there is an area extracted at the beginning of vast development of coal industry in 1900. Inside the extracted area, the elevation ranges from 0 to 248 m above sea level with 39 m of the mean elevation (Fig. 2) . mining industries were shut down one by one due to the cheap and good quality of coal that was imported from overseas and also because of the energy revolution. This situa- 
Selection of ages and data source for land-use development
In this research, the historical background of the study area was set for one century due to the availability of old topographic maps, then it was decided to make land-use maps of 1900 and 1950. These were compared with the numerical land-use database of the MLIT from 1976 to 1997 to clarify land-use changes over the last 100 years.
By referring the age of the available old topographic maps and numeric data, it was decided to select the map of four ages of 1900, 1950, 1976, and 1997 
GIS methods
The divisions of land-use were determined by land-use boundary lines of old topographic maps. However, the map symbols of the old edition topographic maps were not as clear as the present ones. It was difficult to subdivide the land-use categories equally to the digital land-use mesh created after 1976. Therefore, the divisions of land-use were assumed and reclassified into six categories such as agriculture, forest, urban (including villages), river, seashore, and sea. In the determination of land-use divisions from the old topographic map, some exceptions and assumptions were made because of the limitation of the old map. In the old topographic map, mulberry field, orchard, and tea field were blended together as agricultural land, since the field and the rice field could not be divided. The village, which was defined as a region where buildings were built, was established as colliery, factory, school, and etc. These features could not be distinguished on the old topographic map, so that they were brought together as urban area. The broadleaves forest and coniferous forest were brought together as forest. As the river data in 1976 and 1997 were not changed, it was assumed that river was not changed during 100 years.
Furthermore, since the river's shape could not be specified land-use mesh was illustrated in Fig. 7 . In detail, the procedure of making land-use map is as follows:
1) The basis of land-use boundary, which was called a colony boundary, was related to geographical features such as mountain and coastline. Those features were distinguishable in the old topographic paper map by markedly changing of the closest contour lines.
2) In the old topographic paper map, the vicinity to the land-use boundary was highlighted with color in order to facilitate the recognition of the land-use boundary.
3) The old topographic paper map was then read with the digital scanner using 300 dpi resolutions, A1 size, and converted to the form of TIFF RGB file.
4) In GIS, the scanned images were registered by assigning coordinates to their corners and converting them into the raster files.
5) The colored lines were traced by on-screen digitizing method. They classified into land-use categories such as forest, agriculture, urban, river, sea, and seashore polygons. After digitizing, all polygons were integrated and merged.
6) A unique identification number (code) was attributed to each land-use categories to make it noticeable during the union process.
7) The union process was made to join land-use polygons and mesh polygons.
8) In the dissolving process, which was to determine one land-use type for one mesh polygon, the land-use code with the maximum area value was assigned as land-use code of the mesh. 
Results and Discussion
Spatial and temporal land-use changes over the last 100 years
The new created land-use maps over the last 100 years were used to carry out an analysis of land-use changes using GIS technology (Fig. 8) . By utilizing land-use maps of 1900, 1950, 1976, and 1997, land-use The development of all of the towns was carved out of potentially useful agricultural land, although the area was very small compared to the forest and agriculture area that dominated the district at this time.
In 1950, the demand of food supply was increased and agriculture continued to be prime economic activity. Urban Fig. 9 . Composition of land-use categories of the KCD in 1900 KCD in , 1950 KCD in , 1976 KCD in , and 1997 . from total agriculture area in 1900. (Fig. 13 b) explains that much of forest land was also transformed to agriculture, urban, and barren land in the period between 1950 and 1976.
In this period, 6% of total forest area in 1900 was transformed to agriculture land due to the development and extension of rice field for food demand.
Conclusions
In the KCD, land-use changes were examined by summa- 
